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SUMMARY 


A  simple  biuussay  method  fur  water  soluble  fungicides  using  Candida  albicans,  a 
yeastlike  organism,  as  test  organism  and  human  serum,'  plasma,  suitable  other  organic 
or  synthetic  products,  and  commercially  prepared  hors<^  serum  or  other  animal  sera,^ 
as  media  in  which  C.  albicans  form  germ  tubes,  is  describ<;d.  C.  albicans  is  added  to 
diff<!rent  concentrations  of  a  fungicide  in  a  growth  stimulating  medium  and  incubated 
for  3  hours  at  34°  After  completion  of  the  incubation  time,  100  cells  are  counted 
under  the  microscope,  and  the  number  of  cells  having  germ  tulnis  is  noted.  A  control 
treated  in  the  same  manner  but  without  addition  of  the  fungicide  is  obs(!rved  with 
every  test. 


'  D.  W.  R.  Mackenzie,  1962,  “Serum  Tube  Identification  of  Candida  albicans,"  J.  of  Clin.  Path.  75:  pp.  563-565. 

^  E.  R.  Griffin,  1964,  “The  Value  of  the  Germ  Tube  Production  Test  in  the  Rapid  Identification  of  Candida 
albicans," ].  of  Med.  Lab  Tech.  21:  pp.  298-301. 
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PREFACE 


The  work  was  accomplished  by  Gertrud  E.  Ernst  under  the  direction  of  Emil  J. 
York,  Chief,  Laboratory  9000,  MERADCOM.  The  manuscript  was  revised  and  advice 
was  given  by  Sidney  Levine,  Chief,  Chemistry  Research  Group.  Able  technical  assis¬ 
tance  was  rendered  by  Victoria  L.  Manzano  and  Kathleen  A.  Yauss,  summer  students. 
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RAPID  BIOASSAY  FOR  WATER  SOLUBLE  FUNGITOXICANTS 

I.  INTRODUCTION 

1.  Statement  of  the  Problem.  The  goal  was  to  develop  a  simple  bioassay  for 
which  the  ingredients  arc  readily  available  and  with  which  test  results  can  be  obtained 
within  a  workday. 

2.  Background.  Fungal  growth  is  considered  a  primary  cause  of  biodeteriora¬ 
tion  of  materials  which  are  not  rendered  fungus  resistant  or  are  not  inherently  resistant 
to  fungus  growth.  Since  the  growth  of  fungi  and  their  metabolic  activities  are  accele¬ 
rated  in  the  humid,  hot  climate  of  the  tropics  and  subtropics,  where  much  of  the 
Army’s  materiel  is  stored  and  utilized,  fungicides  are  widely  used  by  the  Army  to  pro¬ 
tect  the  materiel  against  biodeterioration.  Rapid  and  simple  screening  methods  for 
fungicides  are,  therefore,  of  importance. 

II.  EXPERIMENTAL  PROCEDURE 

3.  Approach  to  the  Problem.  Laboratory  experiments  were  carried  out  with 
four  chlorophenolic  compounds  of  Dow  Chemical  Company,  Midland,  Michigan,  and 
their  effects  on  the  germination  of  three  different  strains  of  C.  albicans^  were  estab¬ 
lished.  In  order  to  evaluate  the  minimal  effective  amount  of  the  fungitoxicants,  they 
were  tested  in  serial  twofold  dilution  bioassays  using  C.  albicans  as  test  organism  in  a 
suitable  growth  promoting  medium.  In  initial  tests,  the  germ  tube  formation  was 
obst^rved  after  2,  3,  4,  5,  and  6  hours  of  incubation  at  34°  C.  It  was  established  that 
the  germ  tube  formation  in  human  plasma  at  34°  C  was  optimal  after  3  hours  ±  V2 
hour.  The  tests  were  read  routinely,  therefore,  after  3  hours’  incubation. 

III.  RESULTS 

4.  Results.  The  following  chlorophenolic  compounds  (Table  1)  supplied  by  the 
Dow  Chemical  Company,  Midland,  Michigan,  were  used  as  test  fungicides: 


C.  albicans  3476,  3477.  and  3470  werr  obtained  from  the  li.S.  Army  Kegional  Medical  Laboratory,  Fort  (Jeorge 
Meade,  Odenton.  Maryland. 
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Table  1 .  (Composition  of  Test  Fungicides 

Name 

(Components 

(Composition 

(%) 

Dowicide  A 

Active-Sodium  o-Phenylphenate— dllj  () 

97 

Inert  Ingredients 

3 

Dowicide  B 

Active-Sodium  Trichlorophenate 

87) 

Inert  Ingredients 

\ri 

Dowicide  F 

Ac  tive-Sodiu  m  Pen  tachiorophenate 

79 

Sodium  salts  of  other  chlorophetiols 

11 

Inert  Ingrcdietits 

10 

Dowicide  C 

Ac ti ve -Sodiu m  Tc trachlorophe n  a tc 

80 

Inert  Ingredients 

20 

The  Dowicide  was  dissolved  in  water  or  saline  solution  on  a  weight/volume  basis. 
The  following  ranges  (Table  2)  were  tested: 


Table  2.  Range  of  Fungicide  Concentration 


Fungicide 

Concentration  Range 
(%) 

Minimum  Effective  Amount 
(%) 

Dowicide  A 

0.4-0.006 

0.4 

Dowicide  B 

0.2-0.009 

0.15 

Dowicide  F 

2.0-0.004 

0.25 

Dowicide  G 

2.0-0.016 

0.125 

A  slight  sensitivity  variation  to  the  same  fungicide  was  noticed  in  different  strains. 
Variations  in  test  results  were  also  present  if  too  many  C.  albicans  cells  were  added.  In 
the  above  tests,  human  plasma  was  used  which  was  derived  from  an  expired  human 
blood  transfusion  unit,  Group  B,  Rh+.  Experiments  showed  that  the  age  of  the  plasma 
did  not  influence  the  test  results  provided  that  the  plasma  was  not  deteriorated. 
C.  albicans  readily  form  germ  tubes  in  bovine  (calf)  serum, ^  which  can  be  substituted, 
therefore,  for  human  serum  or  plasma.  In  an  attempt  to  find  a  commercially  obtain¬ 
able  medium,  dehydrated  skim  milk  (Difco)  was  reconstituted,  inoculated  with 
C.  albicans,  and  incubated;  but,  it  proved  not  suitable  as  a  medium  for  the  assay  be¬ 
cause  only  rare  germ  tubes  were  formed.  Albumen  from  fresh  eggs  was  considered  as 
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Bovine  serum  is  available  from  several  meat  produet  companies  such  as  Armour. 
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u  p(Ks.sil)l(’  siibslitutr  mctiiiim  and  was  t«'.stod  butli  undiluli'd  and  diluted  witli  physio- 
logieal  saline  (0.9  percent)  in  1:1  and  1:2  ratios  and  iiieuliated  for  3  and  6  hours  at 
34°  (;.  The  undiluted  alhutiK'ii  promoted  83  percent  fjerm  tid>e  formation  after  3 
hours'  inenhation  and  almost  100  percent  after  6  hours.  In  the  diluted  albumen,  the 
pereetitajie  of  *;erm  tube  formation  depended  j^reatly  on  the  dilution  factor  and  was 
very  low  at  the  nece.s.sary  dilution.  The  difficulty  in  pipetting  fresh  undiluted  albumen 
and  the  fact  that  the  addition  of  the  aqueous  fungicide  dilutes  th(‘  albumen  to  an 
extent  that  its  ability  to  form  germ  tubes  is  greatly  diminished  makes  it  unsuitable  for 
till'  test.  Further  experiments  were  carried  out  with  reconstituted  lb-(*f  Blood  Serum 
(l)ifco).  Only  28  perc(“nt  of  C.  albicans  cells  germinated  after  3  hours’  incubation,  but 
good  rc'sults  were  achieved  after  enriching  the  medium  with  0.025  percent  yeast  ex¬ 
tract  (Difeo)  reconstituted  in  modified  Sabouraud  dextrose  solution®  (see  Table  3). 

IV.  DISCUSSION 

5.  Discussion.  The  twofold  serial  dilution  technique  is  a  satisfactory  method  to 
evaluate  water  soluble  fungicides  and  to  determine  the  minimum  amount  necessary  to 
inhibit  the  formation  of  germ  tubes  in  C  albicans.  The  bioa.ssay  described  above  uses 
human  plasma  derived  from  an  expired  blood  transfusion  unit;  however,  calf  or  beef 
serum  can  be  substituted.  Several  commercial  media  wt're  tried  for  the  serial  twofold 
dflutievu.  Ttve  IwSl  rmtUs  Wetr  oUHhwhI  wilU  n  gKvwVU  ptvvrmAilrjg  vrwdiwm  vlt'ilTLiwg 
reconsittuted,  dried  beef  blood  serum  with  added  yeast  extract  reconstituted  in  modi¬ 
fied  Sabouraud’s  medium. 

Synergistic  or  antagonistic  combinations  of  fungitoxic  substances  can  be 
determined  by  mixing  the  .stock  solutions  of  the  fungitoxicants  before  diluting. 

The  short  test  duration  made  it  unnecessary  to  sterilize  glassware  or  media 
before  use  or  to  apply  aseptic  technique.  After  test  completion,  however,  it  was  ne¬ 
cessary  to  sterilize  all  glassware  and  media  contaminated  with  C.  albicans  to  avoid  pos¬ 
sible  laboratory  infection  with  the  test  organism. 


^  Formula  in  grams  per  liter  of  distilled  water; 


Peptone 

10 

Dextrose 

40 

Yeast  extract 

25 

Final  pll 

5.6 

3 


V.  CONCLUSIONS 


6.  Conclusions.  It  is  possible  to  screen  water  soluble  fungicides  in  the  time 
franjc  of  one  workday.  The  described  method  is  simple,  fast,  and  reproducible.  Hu¬ 
man  plasma  was  found  to  be  the  best  suited  medium  because  of  the  great  number  of 
germ  tubes  formed  within  3  hours  of  incubation  and  because  of  its  other  properties: 
no  disturbing  particle  suspension,  easy  to  pipette,  and  long  shelf  life  when  refrigerated. 
If  human  plasma  is  not  available,  however,  other  media  may  be  substituted  with  satis¬ 
factory  results. 


5 


BIBLIOGRAPHY 


The  American  Phytopathological  Society,  Committee  on  Standardization  of  Fungicidal 
T(!8ts,  1943,  “The  Slide -Germination  Method  of  Evaluating  Protectant  Fungi¬ 
cides,”  Phytopathology  33:  627-634. 

Darby,  R.  T.,  1960,  “F'ungicide  Assay  by  Spore  Germination  in  Shaker  Flasks,” 
Applied  Microbiology,  Vol.  8,  No.  3,  pp.  146-148, 

Joshi,  K.  R.,  J.  B.  Gavin,  and  I).  A.  Bremner,  1973,  “The  Formation  of  Germ  Tubes  by 
Candida  albicans  in  Various  Peptone  Media,”  Sabouraudia  II:  259-262. 

Kamaya,  T.,  1968,  “Simple  Rapid  Identification  of  Candida  albicans  with  Emphasis  on 
the  Differentiation  between  Candida  albicans  and  Candida  stellatoidea,"  Myco- 
pathologiaet  Mycologia  Applicata  35:  105-112. 

Mandels,  G.  R.,  and  R.  T.  Darby,  1952,  “A  Rapid  Cell  Volume  Assay  for  Fungitoxicity 
Using  Fungus  Spores,”  J,  of  Bact,  65:  16-25. 


6 


APPENDIX 


BIOASSAY  PROCEDURE  FOR  WATER  SOLUBLE  FUNGITOXICANTS 


1.  Equipment  and  Materials. 

a.  ^  pparatus: 

(1)  Analytical  balance  (Mettler) 

(2)  Two  beam  balance 

(3)  Microscope 

(4)  Autoclave 

(5)  Incubator 

(6)  Serological  pipettes,  1  ml,  divided  in  1/100  graduations 

(7)  Measuring  pipettes,  10  ml,  divided  in  1/10  graduations 

(8)  Test  tubes  13  x  100  mm  (Wasserman  tubes) 

(9)  Erlenmeyer  flasks,  500  and  1,000  ml 

(10)  Microscope  glass  slides  and  cover  slips 

(11)  Bun^n  burner 

(12)  Inoculating  loop 

(13)  Petri  dishes 

b.  Solutions,  chemicals,  and  media: 

(1)  NaCl 

(2)  Mycosel  agar  (B.B.L.) 

(3)  Skim  milk,  dehydrated 

(4)  Beef  Blood  Serum,  dehydrated 

(5)  Yeast  extract,  dehydrated 

2.  Procedure. 

a.  The  fungitoxicant  to  be  tested  was  weighed  on  the  Mettler  balance,  dissolved, 
and  diluted  to  the  desired  concentration. 

b.  A  suspension  in  physiological  saline  (0.9  percent  NaCl)  of  a  48-hour-old 
culture  of  C.  albicans  on  Mycosel  agar  (B.B.L.)  was  prepared.  Physiological  saline  solu¬ 
tion  was  used  because  of  its  isotonic  properties. 
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\  Iwol'old  serial  (iiliition  was  scl  up.  (See  Tal)le  4.) 


e. 


1'ahle  4.  Mi^thud  for  Preparing  Serial  Twofold  Dilution 


Volume  (ml) 

Tube 

(-ontrol 

1 

2 

3 

4 

5 

6 

Medium 

0.5 

0.9 

0.5 

0.5 

0.5 

0.5 

0.5 

Fungicide 

_ 

0.1 

0.5 

0.5 

0.5 

0.5 

0.5 

Stock  Solution 

of  tulM' 

of  tube 

of  tube 

of  tube 

of  tube 

1 

2 

3 

4 

5(a) 

Final  concentration^**^ 

C  albicans  in  saline 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

Discard  0.5  ml 

Depending  on  stock-solution  concentration 


3.  Method  for  Preparing  Twofold  Serial  Dilution.  Place  the  required  number  of  test 
tubes  (13  X  100  mm),  one  for  each  fungicide  dilution  and  one  for  the  control,  in  a  test 
tube  rack.  To  the  first  tube,  add  0.9  mi  of  medium;  to  each  of  the  following  tubes, 
add  0.5  ml  of  medium  (plasma  or  as  desired).  To  the  first  tube,  add  0.1  ml  of  fungi¬ 
cide  stock  solution.  Mix  well,  transfer  0.5  ml  to  the  next  test  tube,  mix  well,  and  pro¬ 
ceed  as  with  the  first  tube.  Continue  to  the  last  tube  and  discard  the  last  0.5  ml.  A 
control  tube  containing  0.5  ml  of  medium  only  is  set  up  with  every  test.  Add  to  every 
test  tube  0.05  ml  (or  1  drop)  of  the  test  organism  suspension.  Mix  well.  Incubate  at 
34°  C  for  3  hours.  Mix  well  and  place  one  drop  on  a  glass  slide.  Count  the  germ  tubes 
formed  in  100  C.  albicans  cells  present  under  low  microscopic  magnification  (500X 
magnification)  to  obtain  the  percentage  of  germ  tubes  formed.  The  lowest  concentra¬ 
tion  of  fungicide  which  suppresses  the  germ  tube  formation  is  the  effective  amount. 
The  serial  dilution  test  was  carried  out  in  two  phases.  First,  a  wide  range  was  tested  to 
determine  the  range  of  fungitoxic  activity.  Then,  the  dilution  row  was  started  with  an 
amount  slightly  higher  than  the  endpoint  amount  and  carried  down  to  a  minimal 
necessary  amount  of  fungitoxicant  in  order  to  obtain  a  more  accurate  range. 
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Directorate  of  Facilities 
Rngineering 

Fort  Amador,  (>anal  Zone 

1  Uommander 

Special  Forces  Detachment 
(Airborne),  Furopc 
APO  New  York  09050 

1  IK),  LISARKU R  &  Seventh  Army 
DCSEN(:R,ATTN:  AEAKN-MO 
ATTN:  MilOpsDiv 

APO  New  Y  ork  09403 

2  Engineer  Representative 

US  Army  Standardization  (Iroup,  UK 
Box  65,  FPO  New  Y  ork  09510 

1  Commander 

Rock  Island  Arsenal 
ATTN:  SARRl-LPL 
Rock  Island,  11.  61201 

1  Plastics  Technical  Evaluation  Center 

Picatinny  ;\raenal.  Bldg  176 
ATTN:  A.  M.  Anzalone 
SARPA-FR-M-D 
Dover,  NJ  07801 

1  Commander 

Frankford  Arsenal 

ATTN:  Library,  K2400,  B1  51-2 

Philadelphia,  PA  19137 


No.  Copies  Addressee 

I  Leaniing  Resources  Center 

US  Army  Engineer  School 
Bldg  270 

Fort  Belvoir,  V  A  22060 

1  President 

US  Army  Airborne, 
(^mniunications  &  Electronics 
ATTN;  STEBF-AB'ri) 

Fort  Bragg,  NC  28307 

1  Commander 

Headquarters,  39th  Engineer 
Battalion  (fdit) 

Fort  Devens,  MA  01433 

1  President 

US  Army  Armor  and  Engineer 
Board 

ATTN:  ATZK-AE-TD-K 
Fort  Knox,  KV  40121 

1  ( Commandant 

US  Army  Command  and  Ceneral 
Staff  College 
ATTN:  ATSW-Rl-L 
Fort  Leavenworth,  KS  66027 

I  Commander 

2nd  Engineer  Croup 
ATTN:  S4 

APO  San  Francisco  96301 

1  (Commander  and  Director 

USAFESA 
ATTN;  FESA-RTD 
Fort  Belvoir,  V  A  22060 

1  (Commander 

US  Army  Materiel  Command 
ATTN:  Technical  Library 
5001  Eisenhower  Avc 
Alexandria,  VA  22333 

1  Commander 

US  Army  Missile  (Command 
ATTN:  Technical  Library 
Redstone  Arsenal,  AL  35809 

1  Commander 

US  Army  Research  Office 
(Durham) 

Box  CM,  Duke  Station 
Durham,  NC  27706 
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No.  Copies  Addressee 


No.  Copies  Addressee 

i  (^uiiiinundcr 

K(l|’t'wo()(l  Arsenal 
ATiN:  'I'ecimical  Library 
ImI^cwoimI  Arsenal 
Aberdeen  IVuving  C round,  Ml) 
21010 

I  Commander 

Corpus  Cbristi  Army  Depot 
Naval  Air  Station 
ATTN  ;  Teebnical  Library 
Coq)us  (diristi,  TX  78419 

I  Commander 

IIS  Army  Foreign  Science  & 
Tecbnology  Center 
Federal  HbTg 

ATTN;  Teebnical  Library 
Charlottesville,  VA  22901 

1  Commander 

I'S  Army  Natick  I  laboratories 
ATTN:  Teebnical  Library 
Natick,  ,\1A  01760 

MERADCOM 

I  (iommander 

Teebnical  Director 
Assoc  T<'cb  Dir/IWD 
Assoc  lech  Dir/Kngrg  &  Acq 
Assoc  Tech  Dir/Matl  Asnit 
Assoc  Tech  Dir/Tech  Asmt 
CIKCliLATF 

1  Chief,  Lab  1000 
Chief,  Isjb  2000 
(diief.  Lab  3000 
Chief,  Lab  4000 
Chief,  Lab  5000 
Chief,  Lab  6000 
Chief,  Lab  7000 
Chief,  Lab  8000 
Chief,  TARSO 
CIRCIILATK 

5  Lab  9000 

25  Chemistry  and  Biodeterioration 

Rscb  Cp 

3  Tech  Reports  Ofc 

3  Security  Ofc 

2  Tech  Library 


1  Requirements  &  I’rograins  Ofc 

1  Information  Ofc 

1  Legal  Ofc 

Department  of  the  Navy 

1  Director,  Physics  Program  (421) 
Office  of  Naval  Research 
Arlington,  VA  22217 

1  Director 

Naval  Research  Laboratory 
ATTN:  Code  2627 
Washington,  IHi  20375 

1  Commander,  Naval  Facilities 

Engineering  Command 
Department  of  the  Navy 
ATTN:  Code032-A 
200  Stovall  St 
Alexandria,  VA  22332 

1  US  Naval  Oceanographic  Office 

Library  ((iode  1600) 
Washington,  DC  20373 

1  Officer-in-(iharge  (Code  L31) 

Civil  Engineering  Laboratory 

Naval  (Construction  Battalion 
(Center 

Port  lluencme,  CA  93043 

1  Director 

Earth  Physics  Program 
Code  463 

Office  of  Naval  Research 
Arlington,  V  A  22217 

1  Commander 

US  Marine  Corps 
ATTN:  Technical  Library 
Washington,  DfC  20380 

1  Commander 

Naval  Ship  R&D  Center 
Annapolis  Laboratory 
ATTN:  Technical  Library 
Annapolis,  Ml)  21402 

2  Commander 

Naval  Ordnance  Systems 
(Command 

ATTN:  Technical  Library 
(()RD-9132) 
Washington,  D(C  20360 
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No.  (iupieg 

1 

1 

1 

I 

1 

I 

I 

I 


Addrewiee  No.  Copiea 

Department  of  the  Air  Force  2 

IK.)  ll.SAK/RDI'S 
(Mr.  Allan  Kaffy) 

Washintiton,  l)(^  20.'i3() 

2 

Mr.  William  J.  Knglt- 
(iliief,  Utilities  Hranch 
IK.)  U.SAF/l'KKKU 
Washington,  l)(i  203.32 

AF.SU/INJ 

Andrews  AFU,  Ml)  20334 

\F(:i;(;/\ii/2i 
TM.dall  AFK,  FI,  32401 

IK.)  USAF/l'l{Ki:.S 
AT'l'N:  Mr.  F.dwin  U.  Mixon 
Kolling  AFIl  -  Uldg  620 
Washington,  DU  20332 

M  AI'I,/SFI, 

Wright-I’altersoti  AFIt,  011  4.3  ^3.3 

l)(!|iarttnent  of  Traiis|iortation 
Uihrary,  FOR  lOA,  TAI)494.6 
000  lnde|ien(lence  .\ve.,  SW 
Washington,  l)(i  20391 

Uoinmander 

Air  Force  Mat(Tials  l.ahoratorv 
(AF.SU) 

AT’l'N;  'I echnical  l.ihrarv 
W  rightd’aller.son  AFH,  Oll  4343.’{ 

Others 

I’rttfessor  Kayinond  K.  Fox 
•School  of  F,Mgint;cring  and 
Applied  Scitwice 
I'he  (icorge  Washington  Univ. 

Washington,  l)(’  20032 


Addressee 

Federal  Aviation  Administration 
800  Independence  Avenue  SW 
AT'rN:  'Fechnical  Library 
Washington,  DC  20590 

National  Bureau  of  Standards 
ATTN:  Technical  Library 
(iaithersburg,  MD  20760 
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